Injection of water into the pharynx induces contraction of the upper esophageal sphincter (UES), triggers the pharyngo-UES contractile refl ex (PUCR), and at a higher volume, triggers an irrepressible swallow, the refl exive pharyngeal swallow (RPS). These aerodigestive refl exes have been proposed to reduce the risks of aspiration. Alcohol ingestion can predispose to aspiration and previous studies have shown that cigarette smoking can adversely affect these refl exes. It is not known whether this is a local effect of smoking on the pharynx or a systemic effect of nicotine. The aim of this study was to elucidate the effect of systemic alcohol and nicotine on PUCR and RPS.
INTRODUCTION
Recently, several aerodigestive refl exes have been described, which have been proposed to protect the airways against aspiration during the retrograde transit of gastric contents (1 -13) . Distension of the esophagus can trigger the esophago-upper esophageal sphincter (UES) contractile refl ex (1 -4) , and the resulting enhanced UES pressure may prevent entry of esophageal contents into the pharynx. If fl uid does enter the pharynx, pharyngeal stimulation by the fl uid can also enhance UES pressure by triggering the pharyngo-UES contractile refl ex (PUCR) (5 -8) and this in turn may protect against further esophagopharyngeal refl ux. Fluid in the pharynx can also trigger closure of the tracheal intriotus by eliciting the PGCR (pharyngo-glottal closure refl ex) (9 -11) and the refl exive pharyngeal swallow (RPS) (8, 12 ) , which will not only close the tracheal intriotus but will also clear the pharynx of any residual fl uid (8, 12, 13) . Adduction of the vocal cords can also be induced by distension of the esophagus through the esophagoglottal closure refl ex (1, 2) .
Integrity of the aerodigestive refl exes may be important in protecting the airways against aspiration injury. Alcoholics are at risk of developing aspiration pneumonia during an episode LIVER AND BILIARY TRACT Dua et al.
of severe alcohol intoxication. It is plausible that the depressant eff ect of alcohol on the central nervous system blunts the airway protective refl exes that may then predispose those with alcohol intoxication to aspiration of gastric contents. It is also not uncommon for cigarette smokers to have recurrent laryngeal and pulmonary disorders. In previous studies, we have shown that acute and chronic cigarette smoking can adversely aff ect the elicitation of PGCR, PUCR, and RPS (8, 10) , thereby predisposing cigarette smokers to risks of aspiration. As smokers are given nicotine patches to help them quit smoking, it is important to know whether this adverse eff ect of smoking on the aerodigestive refl exes is secondary to the local eff ect of cigarette smoke on the pharynx or to the eff ect of systemic nicotine.
Th e aim of this study was to test the hypothesis that alcohol consumption and cigarette smoking adversely aff ected the elicitation of PUCR and RPS through a systemic eff ect of alcohol and nicotine, respectively. Th is study was designed to elucidate the eff ect of acute intravenous (IV) administration of alcohol and systemic administration of nicotine through a nicotine patch on PUCR and RPS.
METHODS
Th e study was approved by the Institutional Review Board of the Medical College of Wisconsin and all subjects gave informed written consent before the study. Healthy volunteers were recruited for the study. Unsedated transnasal endosopy was performed in all subjects to rule out any associated silent upper gastrointestinal disorders. On the day of the study, all subjects underwent a brief history and physical examination.
To determine the eff ect of systemic alcohol on PUCR, and RPS, we studied 10 healthy (8 men, 2 women; 32 ± 3 years) subjects without any history of alcohol abuse. None of the volunteers smoked cigarettes as our previous studies have shown that these refl exes are adversely aff ected by cigarette smoking. Each subject was studied before and during a sustained breath alcohol level of 0.1 % . Th is level is within the legal driving limits of the state where the study was carried out and hence, at this level, we did not expect any major changes in the cognitive, motor, or sensory functions of the individual. An electrocardiogram was obtained and a peripheral IV line was placed. Before investigation, female subjects underwent a serum pregnancy test to rule out pregnancy.
Aft er initial data recordings, a baseline breath alcohol level was obtained using a breathalyzer machine. Aft er baseline recordings, blood pressure was measured every 15 min, and fi nger stick blood glucose was measured every half an hour. Heart rate and pulse oximetry were monitored continuously. Subsequently, IV 5 % alcohol in normal saline was infused at a precalculated rate based on patient weight. Th e breath alcohol level was measured every 15 min. Once a level of 0.1 % was reached, a blood sample was sent for confi rmation. Th e rate of infusion was then cut in half to maintain the breath alcohol level at 0.1 % , and repeat pharyngeal stimulations were performed.
On completion of the pharyngeal stimulations, the IV infusion was stopped and the instruments removed. Patients were fed a meal and monitored by the General Clinical Research Center until the breath alcohol level returned to 0.0 % as determined by the breathalyzer. Subjects were accompanied home by a friend.
To evaluate the eff ect of systemic nicotine on aerodigestive refl exes, we studied 10 healthy chronic smokers (mean age: 34 ± 8 s.d. years; 7 men) in the sitting upright position. Smokers were defi ned as those who smoked one or more packs of cigarettes per day for at least 2 years. None of the smokers studied were consuming alcohol. Th e smokers were instructed to abstain from smoking for 12 h before the study aft er which 5 ml of blood was collected to measure the serum nicotine level to ascertain compliance. Th ey were then studied before and 10 min aft er smoking two cigarettes (Marlboro, Philip Morris, Richmond, VA). Th e 10-min interval aft er smoking allowed for the pharyngeal temperature to return to baseline. Blood for serum nicotine level was also collected immediately aft er smoking. On a diff erent day, smokers were again studied aft er they refrained from smoking for 12 h during which they applied a nicotine patch that delivered 21 mg of nicotine over 24 h (Nicoderm CQ, SmithKline Beecham, Pittsburgh, PA). Serum nicotine concentrations were determined using a modifi cation of the gas chromatography-mass spectrometry method described by Feyerabend and Russel (14) . Nicotine was extracted from 1 ml of serum using Varian Inc. (Palo Alto, CA), Bond-Elut C18, solid-phase columns. It was quantifi ed using a Hewlett Packard (Palo Alto, CA) 5890 gas chromatograph -5989 MS Engine mass spectrometer (Hewlett Packard). In our previous studies that compared smokers with non-smokers (8, 10) , for ethical reasons, non-smokers were not asked to smoke. In this study, we did not include non-smokers as our aim was to compare the eff ects of acute smoking vs. nicotine patch on the aerodigestive refl exes and hence, only smokers were enrolled.
To monitor the UES resting pressure and its response to pharyngeal water stimulation, we used a UES sleeve assembly (Dentsleeve, Adelaide, Australia) that incorporated a sleeve device (6 × 0.5 × 0.3 cm) with side hole recording ports at its proximal and distal ends for manometric positioning (5 -8,12) . Th e sleeve assembly also had additional recording sites at 4.5, 7, and 14 cm distal and 3 cm proximal to the sleeve sensor. Aft er the application of a non-anesthetic lubricant jelly (Surgilube, E. Fougera, Atlanta, Melville, NY) to the nasal cavity using a cotton-tipped applicator (to prevent the possibility of anesthetizing the pharynx, anesthetic jelly was not used) the manometric assembly was introduced through the nose and positioned such that the manometric port immediately proximal to the sleeve sensor was positioned 2 cm above the UES high pressure zone and directed posteriorly. Aft er manometric positioning, this port was used for water injection and was not used for pressure recording.
Th e injection port, the esophageal ports, and the sleeve sensor were connected to pressure transducers in line with a minimally compliant pneumohydraulic pump (Arndorfer Medical Specialities, Greendale, WI). With this arrangement, the onset and off set of water injection and UES pressure were recorded LIVER AND BILIARY TRACT Alcohol, Smoking, and Airway Protection using the MMS Motility System (Medical Measurement Systems, Enschede, Th e Netherlands).
For pharyngeal water stimulation, we used previously described techniques (6 -8,10) . We tested two modes of fl uid delivery into the pharynx, such as rapid pulse injection and slow continuous infusion ( Figure1a, b ). For rapid pulse injection, water was injected rapidly using a hand-held syringe. We started with 0.1 ml of water and then increased the volume by 0.1-ml increments until an irrepressible swallow occurred (RPS). Aft er each injection, the subject was asked to swallow so as to clear the pharynx of any residual water. Slow continuous infusion was performed at a rate of 5.5 ml / min using a Harvard infusion pump (Model N0975; Harvard Apparatus, Dover, MA) until an irrepressible swallow occurred. Each injection was started 5 -10 s aft er the UES pressure returned to baseline aft er a command swallow (to clear the pharynx), and subjects then withheld swallowing as long as they could. For both rapid and slow injections, water was maintained at room temperature.
We then determined in each subject the change in UES pressure (three out of three injections) in response to various volumes of pharyngeal water injections (PUCR). For comparison of the UES pressure before and aft er the injection, we used the Figure 1 . Pharyngo-UES contractile refl ex and refl exive pharyngeal swallow during rapid and slow pharyngeal water injection. Upper esophageal sphincter (UES) pressure after ( a ) rapid and ( b ) slow injections of water into the pharynx. Rapid injection of 0.3 ml of water into the pharynx resulted in an increase in UES pressure over the baseline (pharyngo-UES contractile refl ex). This pressure increase was not associated with any electromyographic (EMG) activity of sub-mental muscles. Injection of 0.4 ml of water into the pharynx resulted in a refl exive pharyngeal swallow (E1, E2, E3: proximal esophageal perfusion ports). Slow perfusion of water (5.5 ml / min) into the pharynx also resulted in an increase in UES pressure over the baseline. Similar to rapid water injection, this pressure increase was not associated with any EMG activity of the sub-mental muscles until a refl exive pharyngeal swallow was triggered 24 s after the onset of pharyngeal water perfusion. average end-expiratory pressure for a 10-s period before the injection as the baseline. We measured the maximum UES pressure aft er pharyngeal water injection, excluding the 3-s interval before deglutitive relaxation, if a swallow occurred. Th is was done to avoid counting in the commonly seen pressure increase that is registered by the sleeve immediately before its swallowinduced relaxation. We determined in each subject, for both rapid pulse and slow continuous injection, the smallest volume of water that in three out of three injections triggered the UES contractile refl ex and pharyngeal swallow. Th ese volumes were termed " the threshold volume, " the threshold volume required to elicit the refl ex. Statistical analysis was performed using one-way or two-way analysis of variance as appropriate. Student ' s t -test was used for normally distributed data. Values in the text are presented as mean ± s.d. unless stated otherwise.
RESULTS
All subjects completed the study and none of the volunteers experienced any adverse eff ects.
Effect of systemic alcohol on aerodigestive refl exes PUCR . Th e threshold volume of water for triggering PUCR at a breath alcohol concentration (BAC) of 0 % during rapid injection of water into the pharynx was 0.2 ± 0.05 s.d. ml. Aft er IV alcohol with a blood BAC of 0.1 % , it took a signifi cantly larger volume of water to elicit this refl ex (0.4 ± 0.09; P = 0.022; Table 1 ). Similar to rapid water injections, the threshold volume required to trigger PUCR during slow water injection into the pharynx was signifi cantly higher with a BAC of 0.1 % compared with a BAC of 0 % ( Table 1 , slow injection: before 0.2 ± 0.03, aft er 0.4 ± 0.08; P = 0.012).
Th e basal (pre-alcohol) mean UES pressure was 66 ± 29 s.d. Aft er IV alcohol, the mean UES pressure was 72 ± 23 which was not signifi cantly diff erent from the basal mean pressure ( P = 0.7). Th e percentage increase in UES pressure over basal pressure aft er injection of water into the pharynx was 105 ± 68 % s.d. Aft er IV alcohol, although the observed percentage increased in UES pressure was less pronounced (74 ± 55 % ), this did not reach statistical signifi cance.
RPS . When RPS was elicited by rapid water injections, the difference in threshold volume for eliciting this refl ex at a BAC of 0.1 % (0.8 ± 0.19) was signifi cantly higher compared with the volume at a BAC of 0.0 % (0.5 ± 0.17; P < 0.01). During slow infusion of water into the pharynx, the threshold volume of water required to trigger RPS was 3.0 ± 0.3 ml with a BAC of 0 % . A larger volume was required to elicit this refl ex with a BAC of 0.1 % (3.6 ± 0.5; P = 0.028).
Effect of systemic nicotine on aerodigestive refl exes
Serum nicotine levels . Compared with baseline (12 h abstinence from smoking), serum nicotine levels were signifi cantly higher immediately aft er smoking two cigarettes (baseline 24.5 ± 6 s.e. ng / ml; aft er smoking 54.4 ± 7 ng / ml; P = 0.005). Similarly, a 12-h application of a nicotine patch (subject refrained from smoking during this period) resulted in a signifi cantly higher serum nicotine level as compared with baseline (aft er nicotine patch 54.2 ± 7 ng / ml; P = 0.006). Th ere was no signifi cant diff erence in the peak serum nicotine levels attained aft er smoking and aft er the application of a nicotine patch ( Figure 2 ).
PUCR . Except for in two smokers, rapid or slow injection of water into the pharynx at a threshold volume resulted in an increase in UES pressure. Smoking of two cigarettes abolished the PUCR in three additional smokers (during slow pharyngeal injection).
During rapid and slow water injections, the threshold volume required to trigger PUCR was 0.4 ± 0.06 s.d. ml and 0.8 ± 0.2 ml ( P = 0.005), respectively. Acute smoking of two cigarettes , serum nicotine levels were signifi cantly higher immediately after smoking two cigarettes. Similarly, a 12-h application of a nicotine patch (subject refrained from smoking during this period) also resulted in a signifi cantly higher serum nicotine level as compared with baseline. There was no signifi cant difference in the peak serum nicotine levels attained after smoking and after a nicotine patch. 
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Alcohol, Smoking, and Airway Protection smoking of two cigarettes, it further increased to 1.1 ± 0.1 ml ( P = 0.001). No similar increase was noted aft er the nicotine patch was applied (post nicotine patch 0.9 ± 0.2, P = NS). Th e threshold volume required to trigger RPS by slow pharyngeal water injection was 1.4 ± 0.1 ml. However, no signifi cant increase in the threshold volume was observed aft er smoking or aft er nicotine patch ( Figure 5a, b ) .
DISCUSSION
Anatomical proximity of the inlets of the respiratory and digestive tracts in the pharynx can predispose the airways to risks of aspiration when gastric refl uxate reaches the pharynx. Several aerodigestive refl exes have been identifi ed that have been proposed to help prevent the aspiration of gastric contents (1 -13) . Among these are the PUCR and RPS. Th ese refl exes are triggered in response to the stimulation of the posterior pharynx by water. Entry of fl uid into the pharynx during refl ux events can refl exively enhance UES pressure (PUCR), thereby preventing further esophagopharyngeal refl ux. At a larger volume, water in the pharynx triggers a refl exive swallow (RPS) that not only lift s the larynx and closes the laryngeal intriotus but also clears the pharynx of any residual fl uid volume. Blunting of these protective refl exes may predispose the airway to aspiration. Direct evidence for this airway protective function of these refl exes was recently shown in cigarette smokers in whom these refl exes are defective and by blunting these refl exes by pharyngeal anesthesia in healthy subjects and perfusing water into the pharynx (15, 16) .
During an episode of severe alcohol intoxication, it is not uncommon for alcoholics to develop aspiration pneumonia especially during spells of vomiting or regurgitation. Studies have also shown that alcohol intake can predispose to gastroesophageal refl ux by delaying gastric emptying, stimulating gastrin and acid secretion, decreasing lower esophageal sphincter pressure, inducing abnormal secondary peristalsis, and decreasing esophageal motility (17 -19) . Similarly, cigarette further increased the threshold volume required to trigger the refl ex on rapid water injection (before smoking 0.4 ± 0.06 ml, aft er smoking 0.67 ± 0.09 ml; P = 0.03). No such increase was noted aft er the application of a nicotine patch despite serum nicotine levels increasing to similar peak values aft er smoking and aft er nicotine patch (threshold volume: rapid injection: before nicotine patch 0.4 ± 0.06 ml, aft er nicotine patch 0.3 ± 0.04 ml, P = NS). During slow water injection, neither acute smoking of two cigarettes nor nicotine patch increased the threshold volume required to trigger PUCR (before smoking 0.8 ± 0.2 ml, aft er smoking 0.83 ± 0.1 ml, aft er nicotine patch 0.7 ± 0.2 ml, P = NS) ( Figure 3a, b ) .
Th e percentage increase in UES pressure over basal values aft er pharyngeal stimulation by both rapid and slow water injections was similar aft er smoking and aft er nicotine patch ( Figure 4 , rapid: before smoking 83 ± 16 % s.e., aft er smoking 86 ± 8 % , aft er nicotine patch 126 ± 17; slow: before smoking 91 ± 19 % , aft er smoking 78 ± 27 % , aft er nicotine patch 141 ± 34 % ).
RPS
. Th e threshold volume for triggering RPS during rapid water injection into the pharynx was 0.7 ± 0.03 ml and aft er acute 
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Threshold volume (ml) smoking / nicotine can also predispose to gastroesophageal refl ux by delaying gastric emptying, decreasing lower esophageal sphincter pressure, and impairing esophageal acid clearance (20 -28) . Gastroesophageal refl ux in turn can predispose to microaspiration (29 -31) . Although simultaneously monitoring esophageal and tracheal pH, Jack et al. (29) showed that of the 37 episodes of esophageal refl ux, each lasting longer than 5 min, 5 were associated with a decrease in tracheal pH. Peak expiratory fl ow rates decreased over ten times more when both esophageal acid and tracheal acid were present compared with when only esophageal acid was present. Hence, besides the risks of overt aspiration pneumonia with acute alcohol intoxication, chronic alcohol intake can predispose one to risks of microaspiration. Integrity of the aerodigestive refl exes that potentially protect against aspiration may be important in alcohol consumption and in cigarette smoking. In previous studies, we did show that chronic and acute cigarette smoking can adversely aff ect the triggering of PGCR, PUCR, and RPS (8, 10) . However, we do not know whether this eff ect is secondary to systemic nicotine or due to the local eff ect of cigarette smoking on the pharynx. It is important to know this as preparations that deliver systemic nicotine-like nicotine patches or gums are used to help quit smoking. Th ere are no previous studies investigating the eff ect of systemic alcohol or systemic nicotine on the aerodigestive refl exes. In this study, we have shown that systemic alcohol exposure to a BAC of 0.1 % has an adverse eff ect on the elicitation of PGCR, PUCR, and RPS. Th is level is within the legal driving limits of the state where the study was carried out and hence, at this level, we did not expect any major changes in the cognitive, motor, or sensory functions in the individual. Subjects were closely monitored during the study. Although we did not study the aerodigestive refl exes at multiple alcohol levels, it is intuitive that higher alcohol levels will induce more alterations in the refl ex thresholds. Th is assumption is based on the clinical observation that cognitive impairment is directly related to an increase in alcohol level. However, determining the actual dose response will be of clinical importance. In this study, we did not evaluate the infl uence of alcohol on the aerodigestive refl exes in patients with oropharyngeal dysphagia. One can speculate that suppression of the residual-preserved refl exes by alcohol in patients with baselinecompromised aerodigestive refl exes can potentially further contribute to the risks of aspiration. Th is assumption is supported by some recent data from our laboratory showing that values as small as 0.6 ml can be aspirated if RPS is not triggered (15, 16) .
Th e exact mechanism(s) by which alcohol adversely aff ects the elicitation of the above refl exes is not known. However, as none of the volunteers were chronic alcoholics and all were given IV alcohol, the adverse eff ect of alcohol on these refl exes seems to be systemic in nature rather than its local action on pharyngeal receptors. Studies (32, 33) have shown that in both humans and in cats, acute alcohol decreases contractibility of both the lower esophageal sphincter and the smooth muscles of the lower esophagus. In cats, this inhibitory eff ect was not abolished by cervical vagotomy or IV tetrodotoxin, thereby suggesting a direct eff ect of alcohol on these muscles. Th ey also showed that the inhibitory eff ect occurred at pharmacological concentrations of alcohol and was not simply caused by cytotoxicity. However, contrary to its eff ect on the smooth muscles of the esophagus, Keshavarzian et al. (34) showed that alcohol does not inhibit calcium infl uxes into the striated muscles of the esophagus. Hence, it is unlikely that the mechanism of the deleterious eff ect of alcohol on the studied aerodigestive refl exes could be secondary to the direct eff ect of alcohol on the striated muscles of the larynx, pharynx, and the UES. It is likely that these deleterious eff ects could be secondary to the known inhibitory eff ect of alcohol on the central nervous system. Studies have shown a reduction in the cerebral blood fl ow in subjects with chronic alcoholism (35, 36) . However, as none of the volunteers studied were chronic alcoholics and had normal responses to pharyngeal water injections before IV alcohol, it is likely that the acute depressant eff ect of a BAC of 0.1 % could have altered the response to pharyngeal water injections. On the basis of this preliminary study, further studies using functional brain imaging, evoked potentials, or aff erent nerve activity will be required to determine the mechanism of alcohol-induced alterations in aerodigestive refl exes. In a previous study, we found that a signifi cantly higher volume of water was required in chronic smokers to trigger PUCR and RPS compared with non-smokers, and acute smoking of two cigarettes by smokers further signifi cantly increased the threshold volume required to trigger these refl exes (8) . Secondary to ethical concerns, in these previous studies, nonsmokers were not asked to smoke cigarettes. In this study, we did not enroll non-smokers as our aim was to compare the infl uence of acute smoking (in smokers) with that of a nicotine patch on the aerodigestive refl exes. Similar to our previous studies, in this study, we found that cigarette smoking adversely aff ects the elicitation of these refl exes. However, no such adverse eff ect was noted aft er the application of a nicotine patch despite peak serum nicotine levels increasing to similar values aft er smoking two cigarettes and aft er nicotine patch application. Th ese fi ndings suggest that the negative eff ect of smoking on these refl exes may be a peripheral local eff ect of smoking on the sensory aff erent branches of these refl exes rather than a systemic eff ect of nicotine. However, a central eff ect cannot be completely ruled out as, during rapid water injection, the diff erence in the threshold volume for triggering RPS between post-nicotine patch and post-real smoking was not signifi cant.
It is possible that chronic cigarette smoking may aff ect the pharyngeal mucosa and / or alter the concentration and function of the pharyngeal sensory nerve endings. It is still not clear whether the local eff ect could be due to nicotine or the eff ect of the contents of the cigarette smoke on the pharynx. Nicotine has been shown to adversely aff ect the esophageal mucosa by producing free radicals resulting in oxidative stress injury (37) , and by inhibiting sodium transport (38) . It is possible that cigarette smoking may have similar eff ects on the pharyngeal mucosa leading to an alteration in the function of the pharyngeal sensory nerve endings.
In summary, we state that acute alcohol exposure can adversely aff ect the triggering of PUCR and RPS. Th ese eff ects of alcohol can weaken the airway protective mechanisms against aspiration and may have implications in the pathogenesis of pneumonia aft er acute alcohol intoxication. Th is deleterious eff ect of alcohol appears to be secondary to a systemic eff ect of alcohol rather than its local eff ect on the pharynx. Similarly, like previous studies (8, 10) , acute cigarette smoking further increased the threshold volume required to trigger these refl exes, whereas no such adverse eff ect was seen aft er a nicotine patch was applied. Th is fi nding suggests that the negative eff ect of smoking on these refl exes may be due to a local eff ect of smoking on the pharynx rather than a systemic action of nicotine. Hence, preparations that deliver systemic nicotine to help quit smoking like nicotine patches may be used without compromising the aerodigestive refl exes.
Although not the subject of this study, it is conceivable that concurrent use of tobacco and alcohol may have an additive deleterious eff ect on the aerodigestive refl exes. Given the fact that these substances are commonly used together, this potential eff ect may have clinical and health ramifi cations.
